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OCCURENCE OF THE BROME GRASS MOSAIC AND AGROPYRON 
MOSAIC VIRUSES IN FINLAND IN 1971-1973 
KATRI BREMER 
BREMER, K. 1973. Occurence of the brome grass mosaic and Agropyron 
mosaic viruses in Finland in 1971-1973. Ann. Agric. Fenn. 13: 1-4. 
Observations were made in fields and leaf samples were taken from diseased-
looking cereals and grasses for testing under glass in order to determine the 
occurence of sap-transmissible viruses in cereals and grasses in South Finland. 
Mosaic symptoms were observed in wheat (Triticum aestivum L), barley (Hor-
deum vulgare L.) and, more seldom, oats (Avena sauva L) and rye (Secale cereale 
L.) in several fields. Couch grass (Agropyron repens (L.) Beauv.) plants all over 
southern Finland showed slight symptoms of mosaic. 
Viruses were isolated by sap transmission from 32 samples out of 136 tested. 
Viruses were determined on the basis of the symptoms they caused in cereal 
and grass test plants and on the basis of their thermal inactivation points. 
Agropyron mosaic virus, (AMV) was isolated from A. repens and from spring 
wheat. Brome grass mosaic virus (BMV) was isolated from spring and winter 
wheat, barley, oats and rye as well as from the following grasses: A. repens, 
common bent (Agrostis tennis Sibth.), and timothy (Phleum pratense L.) BMV 
occurs naturally in cereals and grasses in many field in southern Finland and 
there is every likehood that it will spread and survive the winter with the help 
of its perennial hosts. BMV seems, therefore, to he a disease of importance 
in cereals and grasses in Finland. 
Introduction 
Several virus diseases found in cereals and 
transmitted by insects occur in Finland. Ho-w-
ever, very little attention has been paid to sap-
transmissible viruses and until recently the 
only known sap-transmissible virus disease of 
cereals in Finland was the Agropyron mosaic 
virus, (AMV) (BREMER 1964). In 1971 the 
brome grass mosaic virus, (BMV) was isolated 
from barley and later from oth r cereals and 
grasses (BREMER 1973). During the summers 
1971-1973 seven field surveys were made 
to determine the occurence of sap-transmissible 
cereal virus diseases in South Finland. 
Methods 
The survey covered fields in southern Fin-
land only in the area between Turku and 
Virolahti, going from west to east, and in 
the north up to the line Turku—Heinola—
Luumäki. Spring and winter wheat, barley, 
oats and rye fields as well as some timothy 
leys were visited. Wild gramineous plants 
bordering the fields were also observed. 
Leaf samples were taken from diseased-
looking plants in the fields. The samples were 
kept in plastic bags in a deep-freeze for testing 
in the greenhouse. 
Sap pressed from the frozen leaves and 
mixed with carborundum was used to inoc-
ulate 5-7 spring wheat, cv. Timantti, barley, 
cv. Ingrid, and oats, cv. Sisu, plants. In ad-
dition rye samples were tested on rye, cv. 
Ensi, and timothy samples on timothy. If 
symptoms appeared on any test plant further 
transmissions were made from that plant. 
Then, in addition to the wheat, barley and 
oats, maize (Zea mays L.), cv. U.S. 13, and 
some grass species were used as test plants. 
Since many sap-transmissible cereal viruses 
cause vety similar mosaic symptoms in cereal 
hosts, it was necessary to determine the ther-
mal inactivation points of the virus isolates. 
Thermal inactivation points were deter-
mined by heating the pressed sap in a water 
bath for ten minutes at different temperatures. 
Results 
Field surveys were made over the period 
20th May to 18th August to see at what time 
the symptoms were most easily recognizable. 
A few surveys were thus made too early or 
too late. 
Faint mosaic symptoms were observed in 
wheat and barley in quite a number of fields 
but seldom in oats and rye. Mosaic symptoms 
were in most cases caused by BMV. Symp-
toms of BMV were not usually easily recog-
nizable in the field plants. Especially in late 
summer, infected plants did not show any 
clear mosaic symptoms: the leaves were more 
or less indefinite yellow colour and the stalks 
were sometimes shortened. Plants attacked 
by BMV often resembled greatly those suf-
fering from unsuitable soil or poor nitrition 
conditions. 
Throughout the observation area, A. repens 
plants frequently showed mosaic symptoms 
but samples were taken from only a few fields. 
Though in A. repens the mosaic symtoms 
caused by BMV are n-iore intensive than those 
caused by AMV, it is not possible to distin-
guish AMV from BMV by symptoms and 
consequently it is not known which of the 
viruses is most common in this plant. 
Mosaic symptoms caused by AMV or BMV 
were most easily recognizable before cereals 
began to head; in the years 1972-1973 this 
was in the latter part of June. The indistinct-
ness of the symtoms and their tendency to 
fade rapidly led to many samples taken during 
late July or August giiring negative results in 
tests. 
Altogether 136 samples were tested in the 
greenhouse and viruses were isolated from 
32 samples (Table 1). When the virus isolates 
were determin,ed they were found to belong 
to two virus species only, viz. Agropyron 
mosaic virus, AMV and the brome grass 
mosaic virus, BMV. AMV and BMV are 
easily distinguishable from each other. AMV 
does not infect oats, which are easily infected 
by BMV. BMV has a much higher termal in-
activation point than AMV. 
AMV was isolated from 9 A. repens samples 
and from 2 spring wheat samples. The thermal 
inactication points of ali AMV-isolates were 
in the range 48°C to 52°C. There was not 
much variation in the symptoms caused by 
AMV isolates in wheat. In ali cases moderate 
or faint mosaic symptoms were visible in 
spring wheat. BMV was isolated from one 
winter wheat sample, 3 spring wheat, 5 barley, 
2 oats, 2 rye samples and from the following 
grass samples, from 3 A. repens, 2 tennis, 
and from 2 P. pratense samples, altogether 20 
samples (Table 1). 
There was more variation in BMV isolates 
both as regards thermal inactivation and se-
verity and quality of the symptoms. The 
thermal inactivation points of the BMV -iso-
lates ranged from +70°C to 80°C. The mosaic 
symptoms which the BMV isolates caused in 
wheat, barley, oats and rye varied according 
to the isolate from severe yellow mosaic to 
light green, faint mosaic. Ali isolates except 
one caused local necrotic spots in maize leaves, 
but ali caused systemic mosaic in maize. 
Most virus isolates came from samples 
taken from the fields at the University Farm 
in Helsinki or from the area south-west of 
Helsinki, because it was from this area that 
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Table 1. Occurence of AMV and BMV in leaf samples taken from fields in 1971-1973. 
Samples tested 
	
No. of samples from which viruses were isolated, virus sp. and parish where 
the virus sample was taken. 
Year 1971: 
5 spring wheat samples 
15 barley samples 
2 oats samples 
5 Agropyron repens samples 
Year 1972: 
19 spring wheat samples 
5 winter wheat samples 
27 barley samples 
5 oats samples 
10 Phleum pratense samples 
8 A. repens samples 
2 Poa annua samples 
1 rye samples 
Year 1973: 
14 spring wheat samples 
6 barley samples 
2 oats samples 
2 rye samples 
1 Dactylis glomerata samples 
3 A. repens samples 
1 Phleum pratense samples 
3 Agrostis tennis samples 
‘) BMV = brome grass mosaic virus 
AMV = Agropyron mosaic virus 
2 BMV1), Vantaa, Nurmijärvi 
3 AMV2), Virolahti, Miehikkälä, Helsinki 
1 BMV, Asikkala, 1 AMV Bromarf 
1 BMV, Inkoo 
2 BMV, Tenhola, Perniö 
1 BMV, Helsinki (University Farm) 
1 BMV, Helsinki (University Farm) 
1 BMV, Helsinki, 5 AMV, Bromarf, Helsinki (University Farm), 
Helsinki, Koski, Nastola 
1 BMV, Helsinki (University Farm) 
2 BMV, Inkoo, Kirkkonummi, 1 AMV Inkoo 
2 BMV, Heinola mlk. Kokemäki 
1 BMV, Helsinki (University Farm) 
1 BMV, Helsinki (University Farm) 
2 BMV, Inkoo, Mäntsälä, 1 AMV, Perniö 
1 BMV, Suomusjärvi 
2 BMV, Helsinki, University Farm 
most of the samples were taken. In this 
district the surveys were also made at the 
time at which the symptoms were most easily 
discemed. 
Discussion 
It is difficult to estimate the importance of 
BMV disease in Finland. It is a disease which 
might easily be overlooked in the fields or 
mistaken for a disorder caused by unfavour-
able soil or climatic conditions. 
BMV is spread in Finland by sap and prob-
ably also by soil (BREMER 1973). BMV iso-
lated in Germany is transmitted by three nema-
tode species (SCHMIDT et al. 1963). Though 
there is no known BMV vector in Finland, 
it seems to have a good change of spreading, 
covering and surviving the winter in the 
fields through its perennial hosts, i.e. rye, 
A. repens, A. tennis, and P. pratense. A. repens  
is one of the most common weeds found in 
fields and P. pratense is the most common 
grass cultivated in leys in Finland. Thus, 
BMV is no doubt of some importance as a 
disease of cereals and grasses in Finland. 
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SELOSTUS 
Bromus-mosaiikkiviruksen ja Agropyron mosaiikkiviruksen esiintyminen Suomessa 
vuosina 1971-1973 
KATRI BREMER 
Helsingin yliopisto, Kasvipatologian laitos, Helsinki 711) 
Vilja- ja heinäkasvien virustautien esiintymisen sel-
vittämiseksi tehtiin havaintoja viljapelloilla ja nurmilla 
sekä kerättiin lehtinäytteitä viljoista ja heinistä viroo-
sien määrittämistä varten. Lievästi mosaiikkisia vehnä-
ja ohrakasveja tavattiin useilla Etelä-Suomen pelloilla. 
Mosaiikkisia kaura- ja ohrayksilöitä nähtiin sen sijaan 
vain hyvin harvoin. Mosaiikkisia juolavehniä tavattiin 
miltei kaikkialla Etelä-Suomessa. 
Kasvihuoneessa testattiin 136 pelloilta kerättyä 
vilja- ja heinänäytettä. Virukset määritettiin niiden 
erilaisissa testikasveissa aiheuttamien oireiden ja nii-
den lämmönsietorajojen perusteella. 32 näytteestä eris-
tettiin mehusiirrostuksella viruksia. Osa näytteistä oli 
otettu liian aikaisessa ja osa liian myöhäisessä vaihees-
sa, jolloin virustautien oireet olivat hyvin epäselvät. 
Agropyron -mosaiikkivirus (AMV) eristettiin 9 juola- 
1) Nykyinen osoite: Maatalouden tutkimuskeskus, Kasvi-
tautien tutkimuslaitos, 01300 Tikkurila. 
vehnänäytteestä ja 2 kevätvehnänäytteestä. Bromus-
mosaiikki (BMV) eristettiin yhdestä syysvehnä-, 3 ke-
vätvehnä-, 6 ohra-, 2 kaura- ja 2 ruisnäytteestä sekä 
myös seuraavista heinänäytteistä: 3 juolavehnä-, 2 
nurmirölli- ja 2 timoteinäytteestä. 
Bromus-mosaiikin oireet olivat vain lyhyen ajan 
helposti havaittavissa pelloilla kasvavissa viljoissa. 
Sen vuoksi Bromus-mosaiikki jää usein huomaamatta 
tai sen tartuttamia kasveja pidetään epäsuotuisten 
kasvuolojen vioittamina oireiden epäselvyyden vuoksi. 
Bromus-mosaiikki ei kuitenkaan liene vailla merkitys-
tä viljojen ja heinien tautina, sillä sitä esiintyi monilla 
Etelä-Suomen pelloilla sekä viljoissa että heinissä. 
Monivuotisten isäntäkasviensa (ruis, juolavehnä, nur-
mirölli, timotei) avulla Bromus-mosaiikki voi levitä 
ja säilyä kasvukaudesta toiseen. 
4 
ANNALES AGRICULTURAE FENNIAE, VOL. 13: 5-17 (1974) 
Seria PHYTOPATHOLOGIA N. 57 — Sarja KASVITAUDIT n:o 57 
THE OCCURENCE OF FUSARIUM SPECIES IN CEREAL GRAIN IN FINLAND 
JUHANI UOTI and AARRE YLIMÄKI 
UOTI, J. & YLIMÄKI, A. 1974. The occurence of Fusarium species in cereal 
grain in Finland. Ann. Agric. Fenn. 13: 5-17. 
The frequency of occurence of different Fusarium species in a total number 
of 1586 seed samples from cereal grain produced in Finland during the years 
1966-68 and 1972 was studied. A total of 17 species of Fusarium was isolated 
and identified. In general, the fusarial infection in seeds harvested in 1972 
showed higher concentrations than the grain from the years 1966-68. Ex-
ceptional weather conditions in 1972 were believed to be the primary reason 
for this. The most frequently isolated species were F. avenaceum (Fr.) Sacc., 
F. culmorum (W.G.Sm.) Sacc., F. poae (Pk.) Wr. and F. tricinctum (Cda) Sacc., 
which were found in more than 40 % of the seed samples from 1972. Spring 
wheat was generally more cpntaminated with different species of Fusarium 
than other cereals. Variety was only of minor importance to fusarial infection. 
Nearly half the cultivated arca, or 1.23 
million hectares, are grown for cereals in Fin-
land (ANON. 1972). Practically ali the grain is 
harvested with combines. The weather is 
often rainy and damp during the harvest 
season, and grain is usuaLly so moist that it 
must be dried immediately to ensure the 
quality of the yield. 
Moisture is an important prerequisite for 
the development of microfungi, which are 
generally seed borne in cereals (HYDE 1950, 
HEWETT 1967). Mouldy grain resulting from 
fungus growth on and in the seed is kn.own 
to cause poisoning in people and farm animals 
(CHRISTENSEN and KAUFMANN 1969, JOFFE 
1971). Moulds also cause seed weakness, 
degrading the germination power of the seed 
(MALONE and MUSKETT 1964, NEERGARD 
1965, de TEMPE 1968, CHRISTENSEN 1969). 
The microflora of cereal grains has been 
studied in many countries. In Canada, where 
the climate actually does n.ot differ much from 
that of Finland, GORDON (1952) reported that 
the Fusarium fungi is the most destructive 
species in cereal seeds. In Finland, too, studies 
made by RAINIO (1932), JAMALAINEN (1943 a, 
1943 b, 1944) and YLIMÄKI (1969, 1970) show 
this fungus genus to be the most harmful. 
Exceptional weather conditions, high tem-
peratures and abundant rains during the grow-
ing season resulted in severe fungal infection 
of cereals in Finland in 1972. According to 
MÄKELÄ (1973), Fusarium species occurred 
quite conspicuously in spring cereals during 
the summer. During the harvest, fusarial head 
blight and seed contamination was very notice-
able (UOTI 1972). The purpose of this study 
was to find out which Fusarium species are 
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common in cereal seed, and how frequently 
they occur. The study also tries to give some 
indication of the significance of cereal species 
and variety, as contributory factors, on Fu-
sarium infection in seeds. 
Material and methods 
The number of seed samples examined in 
this study totals 1586. The sample material 
was divided into three different experiments, 
each of which was carried out separately, but 
sequentially, using basically the same methods 
in isolation and examination of the fungi. 
The different origin of the three sample groups 
makes it necessary to treat them separately. 
The oldest material was harvested from the 
field trials at the Institute of Plant Husbandry, 
Tikkurila during the years 1966-68. The 
second lot of seed samples consisted of ma-
terial sent to the Institute of Plant Pathology 
by farmers and grain dealers for analysis for 
fungal contamination during 1972. Seed 
samples received from variety trials carried 
out on spring cereals at four experiment sites 
in southem Finland within the Agricultural 
Research Centre in 1972 form the third group 
of the material The number and origin of 
the seed samples are shown in Table 1. 
Most of the samples in the two latter groups 
were harvested by combine and dried soon 
afterwords in hot air graindryers. Some of 
the samples in the second group, however, 
were dried in cool air dryers. After drying, 
the seed samples were sent to the Institute of 
Plant Pathology, where they were later ex-
amined. The samples in the first group were 
taken directly from the field after harvesting, 
without drying. Samples were kept in paper 
bags until examined. Generally the samples 
were studied immediately, but occasionally 
the 1972 samples had to wait 2-4 weeks 
because the samples arrived simultaneously. 
The seeds were examined using the blotter 
test (de TEMPE 1963). Seeds selected at random 
were placed in a large Petri dish on wet filter 
paper, 25 seeds per dish. The distance between 
each seed was at least 2 cm. The material in 
the first group was surface sterilized with 
0.3 % oksikinolinesulfatealcohol. This pro-
cedure was later abandoned since when grow-
ing on plain filter paper, the fast growing 
saprophytes did n.ot seem to inhibit other 
fungi. On the other hand, surface sterilization 
may markedly reduce the abundance of fungal 
organisms present in seeds. The seeds were 
then kept three weeks in darkness, at a 
con.stant temperature of +20-22°C. 
After the incubation period, the germination 
rate of the seeds was counted first. Next the 
sprouts were cut, to facilitate microscopic 
examination. Stereomicroscope may be suffi-
cient to determine the species of many fungi 
in a preliminary examination, but Fusarium 
species usuaLly need another inspection with 
a coumpound microscope. For this slides were 
made using distilled water in which a drop of 
safranine was added. For more precise species 
determinations, hyphal tips were cut and 
grown on oatmeal agar to observe speed of 
growth, colour, and other colony characterist-
ics. For measurement and photography of the 
spores, slides were made, as above, from 
these pure cultures. 
The classification of Fusarium genus origin-
ally established by WOLLENWEBER and REIN- 





wheat Barley Oats 
Winter 
wheat Rve Total 
Tikkurila 1966 53 60 113 
1967 155 104 175 110 544 
1968 139 49 33 20 241 
II Farm samples 1972 178 242 117 537 
III Variety trials 1972 41 59 51 151 
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1966 	1967 	1968 
MORE THAN AVERAGE 
LESS THAN AVERAGE 
Fig. 1. Total rainfall (mm) and mean temperature (°C) 
during the summer months at Tikkurila in 1966, 
1967 and 1968 compared to the average. 
EI 
15_111 
V VII IX V VII ix V VII IX V VII tx 
TIKKURILA JOKIOINEN MIETOINEN ANJALA 
ei MORE THAN AVERAGE 
LESS THAN AVERAGE 
Fig. 2. Total rainfall (mm) and mean temperature (°C) 
during the summer months at Tikkurila, Jokioinen, 
Mietoinen and Anjala in 1972 compared to the local 
average of each region. 
KING (1935) has been simplified and modified 
by GORDON (1952), and the system presented 
by him was basically followed in species 
determination in this study. Ari exception, 
however, is the species F. tridnctum (Cda) 
Sacc., which has been given a species rank, 
and in this respect agrees with the suggestions 
made by SEEMULLER (1968). 
Only one replica, or 25 seeds, of the first 
group of the material was studied. In the 
second group 2 x 25 seeds were used, and 
4 x 25 seeds were included in the third 
group. In both sample groups from 1972, not 
only differences between samples but also  
between individual seeds within the sample 
were evaluated for occurrence of Fusarium 
species. Statistical analysis was performed 
using the analysis of variance, except with the 
farm samples from 1972 (Table 3) in which 
the X2-test was applied. 
Weather conditions at Tikkurila during 
the years 1966-68 and at the four variety 
trial sites in 1972 are shown in Figures 1. 
and 2. 
Results 
Prevalence of the various Fusarium species 
in the seed samples varied greatly. Certain 
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Fig. 3. Fusarium acuminatum A, F. arthrosporioides B, F. avenaceum C, F. coendeum D, F. culmorum E, F. graminearum 
F. A —F: x 375. 
8 
Fig. 4. Fusarium moniliforme G, F. oxyporum H,F. poae I, F. semitectum J,  P. solani K, F. tricinclum L. G—L: x 375, 
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species, however, seemed to he dominant in 
ali the samples regardless of their origin, year 
of harvest, type of cereal or variety of cereal. 
The following 17 Fusarium species were ob-
served and isolated from the total of 1586 
samples examined (Figs. 3 and 4). 
F. acuminatum Eli. & Everh. 
F. arthrosporioides Sherb. 
F. avenaceum (Fr.) Sacc. 
F. chlam_ydosporum Wr. & Rg. 
F. coeruleum (Lib.) Sacc. 
F. culmorum (W.G.Sm.) Sacc. 
F. equiseti (Cda) Sacc. 
F. graminearum Schw. 
F. lateritium Nees. emend. S. & H. pr.p. 
F. moniliforme Sheld. emend. S. & H. 
F. ox_ysporum Schl. emend. S. & H. 
F. poae (Pk.) Wr. 
F. sambucinum Fuck. 
F. semitectum Berk. & Ray. 
F. solani (Mart.) App. & Wr. emend. S. & H. 
F. sporotrichioides Sherb. 
F. tricinctum (Cda) Sacc. 
1. Seed samples from Tikkurila in 1966-68 
The frequency of occurence of various Fusa-
rium species did not change significantly from 
year to year in the sample material from 1966 
—68 (Table 2). Nevertheless, there is an in-
dication that the seed samples harvested in  
1967 had higher fusarial contamination than 
the samples from other years. 
The spring and winter cereals show similar 
levels of infection. In spite of the fact that 
winter wheat can usually he harvested under 
more favourable weather conditions than 
spring cereals, it has been just as heavily in-
fected with Fusarium fungi. Winter rye seems 
to he slightly more susceptible to fusarial in-
fectiön than winter wheat. 
The Fusarium species F. culmorum, F. poae 
and F. avenaceum were isolated in greater 
quantities in ali cereals. F. culmorum was the 
dominant species in spring wheat, and F. 
poae in barley. Ali cereals showed higher 
contamination with F. culmorum in 1967, 
whereas F. avenaceum was more prevalent in 
1968. 
2. Seed samples from private farms in 1972 
Compared to the years 1966-68, fusarial 
infection in the seed samples from 1972 was 
rather heavy. Samples with no Fusarium species 
appeared to be almost the exception: depend-
ing on the type of the cereal, only 1-3 % of 
ali samples showed no fusarial contamination 
Table 2. The frequency of isolation of Fusarium species from samples of different cereals harvested at the Institute 
of Plant Husbandry at Tikkurila, 1966-1968. 
Cereal 
Year of harvest 

































F. acuminatum 6 3 6 10 6 0 5 0 8 10 
F. arthrosporioides 0 8 38 0 6 22 5 9 8 15 
F. avenaceum 4 14 22 10 16 45 10 30 16 40 
F. chlam. ydosporum 0 1 1 0 3 0 1 0 0 0 
F. coeruleum 0 0 0 0 1 0 0 0 1 0 
F. culmorum 28 37 15 20 34 16 16 12 21 10 
F. equiseti 0 3 0 0 0 1 0 0 2 0 
F. graminearum 2 5 7 0 10 2 4 0 6 10 
F. lateritium 0 0 0 2 0 2 0 0 0 0 
F. moniliforme 0 0 0 0 0 2 0 0 0 0 
F. oxysporum 4 19 9 10 11 8 17 6 24 15 
F. poae 4 16 14 18 36 20 9 18 16 30 
F. sambucinum 11 3 13 3 10 10 2 6 5 0 
F. semitectum 2 1 11 2 2 4 1 15 2 15 
F. solani 0 3 7 5 8 10 1 12 0 15 
F. sporotrichioides 0 2 1 0 2 0 1 0 2 5 
F. spp. 23 13 9 17 7 2 39 6 39 0 
Samples infected by 
one or more 
Fusarium species 76 96 74 87 79 69 93 55 97 80 
10 
Table 3. The frequency of isolation of Fusarium species from samples 
of spring wheat, barley and oats harvested on private farms 
in Finland, 1972. 
Cereal 	 Spring wheat 







F. acuminatum 12 15 14 0.54 
F. arthrosporioides 39 36 26 5.61 
F. avenaceum 56 76 78 23.67*** 
F. chlamydosporum 0 0 0 - 
F. coeruleum 0 0 0 - 
F. culmorum 71 60 44 22.70*** 
F. equiseti 0 0 0 - 
F. graminearum 12 10 25 15.55*** 
F. lateritium 1 10 0 27.52*** 
F. moniliforme 1 3 3 1.13 
F. oxyporum 40 28 22 12.52*** 
F. poae 48 47 68 32.14*** 
F. sambucinum 3 3 3 0.17 
F. semitectum 21 31 24 5.89 
F. solani 12 8 3 7.51* 
F. sporotrichioides 1 1 0 - 
F. tricinctum 37 63 44 30.21*** 
F. spp. 41 49 33 8.99* 
Samples infected by one or 
more Fusarium species 97 99 98 0.34 
* 	P < 0.05 % 
*** P < 0.001 % 
Table 4. The frequency of isolation of Fusarium species from seeds of 
spring wheat, barley and oats harvested on private farms in 
Finland, 1972 (+ < 0.01 %). 
Cereal 
No. of seeds 
Fusarium species 





F. acuminatum 0.6 0.5 0.4 0.44 
F. arthrosporioides 2.0 1.5 1.2 2.26 
F. avenaceum 4.8 8.2 5.5 11.40*** 
F. chlamydosporum 0.0 0.0 0.0 - 
F. coeruleum 0.0 0.0 0.0 - 
F. culmorum 14.5 4.9 3.7 43.78*** 
F. equiseti 0.0 0.0 0.0 - 
F. graminearum 1.5 0.4 1.8 1.81 
F. lateritium -I- 0.2 0.0 - 
F. moniliforme + 0.1 0.1 0.40 
F. ox. ysporum 2.7 1.2 1.1 11.96*** 
F. poae 3.2 2.0 6.1 27.16*** 
F. sambucinum 0.1 0.1 0.7 0.07 
F. semitectum 0.8 1.1 1.0 0.34 
F. solani 0.3 0.2 0.7 0.27 
F. sporotrichioides + -I- 0.0 0.88 
F. tricinctum 1.8 4.3 2.6 12.50*** 
F. spp. 2.9 3.2 1.8 3.78* 
Seeds infected by one or 
more Fusarium species 32.7 23.6 24.9 3.78* 
Germination % 81.8 66.1 67.2 34.58*** 
* P < 0.05 % 
** P < 0.01 % 
*** < 0.001 % 
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(Table 3). In this respect ali cereals were alike. 
The occurrence of various Fusarium species, 
however, differed significantly. Of the com-
monest species, F. avenaceum occurred signi-
ficantly less in spring wheat than in barley or 
oats. F. culmorum occurred most frequently in 
spring wheat, slightly less in barley, and signi-
ficantly less in oats. F . poae occurred much 
more often in oats than in spring wheat or 
barley, and again F. oxisporum occurred in 
spring wheat samples more often than in 
barley or oats. Finally F. tricinctum, which 
was not isolated as a separate species in earlier 
material, occurred typically in barley seed 
samples. 
Species which occurred rarely in the material 
from 1966-68 were also seldom isolated in 
1972. Species of F. chlanydosporum, F. coeru-
leum, and F. equiseti were not found at all, and 
the species of F. lateritium, F. moniliforme, F. 
sambucinum and F. sporotrichioides were only 
observed rarely. 
Fusarial infection in individual seeds of the 
same sample material from 1972 is shown in 
Table 4. Spring wheat now seems relatively 
more contaminated in total than barley or 
oats. This is mainly due to the high frequency 
of F. culmorum. The fact that F. avenaceum 
occurs mostly in barley is also more clearly 
seen from the infection of individual seeds. 
In general, the various species follow very 
much the same pattern in their occurrence as 
was seen in Table 3. 
Germination is higher in spring wheat than 
in barley or oats, and it is surprisingly high 
considering the heavy fusarial infection. 
3. Seed samples from the four experiment stations 
in 1972 
The seed samples from the variety trials of 
spring cereals at the experiment stations 
yielded, on average, more Fusarium fungi than 
the material received from farmers. The spring 
wheat, particularly appeared quite mouldy. 
The percentage of the seeds infected by one 
or more Fusarium species was 64.4 %, whereas 
the corresponding figure for the seed samples 
Table 5. The frequency of isolation of Fusarium species from seeds of 
spring wheat, barley and oats harvested at four experiment 
stations of the Agricultural Research Centre, 1972 (+<0.O1%). 
Cereal 
No. of seeds 
Fusarium species 





F. acuminatum 0.7 0.3 0.2 3.43* 
F. arthrosporioides 0.9 0.8 0.8 0.16 
F. avenaceum 9.9 6.3 6.3 1.84 
F. chlamydosporum 0.0 0.1 0.0 
F. coeruleum 0.0 -E 0.0 
F. culmorum 47.3 14.1 10.3 60.67*** 
F. equiseti 0.0 0.0 0.0 
F. graminearum 0.2 0.1 0.62 
F. lateritium 0.1 1.9 0.2 9.73*** 
F. moniliforme -E 0.01 
F. oxysporum 7.4 1.6 2.5 17.15*** 
F. poae 3.5 5.7 10.2 9.10*** 
F. sambucinum 0.2 0.5 0.1 1.18 
F. semitectum 0.3 0.9 1.7 2.84 
F. solani 0.9 0.6 0.1 2.43 
F. sporotrichioides 0.0 0.1 0.0 
F. tricinctum 1.2 8.1 2.2 20.12*** 
F. spp. 0.1 0.3 0.1 1.02 
Seeds infected by one or 
more Fusarium species 64.4 34.1 31.1 41.85*** 
* 	P < 0.05 % 
*** P < 0.001 % 
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Table 6. The frequency of isolation of five common Fusarium species from seeds of spring wheat varieties 
harvested at four experiment stations of Agricultural Research Centre in 1972 (+< 1 %). 
Variety 

















F. avenaceum 12 8 10 14 24 7 8 0.28 
F. culmorum 56 63 48 43 49 31 49 1.10 
F. oxyporum 11 10 6 5 9 7 5 0.50 
F. poae 6 6 2 4 3 3 2 0.76 
F. tricinctum 3 1 1 2 1 + 1 1.80 
Seeds intected by one or 
more Fusarium species 80 79 63 63 72 46 59 3.24* 
* P < 0.05 % 
Table 7. The frequency of isolation of five common Fusarium species from seeds of barley varieties harvested 
at four experiment stations of Agricultural Research Centre in 1972. 
Variety 















F. avenaceum 7 5 5 6 8 7 0.30 
F. culmorum 18 7 5 13 21 20 2.43* 
F. oxyporum 2 1 2 2 2 2 0.62 
F. poae 8 8 4 5 4 5 0.81 
F. tricinctum 10 9 6 6 9 7 0.21 
Seeds infected by one or 
more Fusarium species 45 28 21 32 43 36 1.83 
* P < 0.05 % 
Table 8. The frequency of isolation of five common Fusarium species from seeds of oats varieties harvested 
at four experiment stations of Agricultural Research Centre in 1972. 
Variety 


















F. avenaceum 6 8 6 6 5 5 8 0.07 
F. culmorum 10 12 11 8 12 6 15 0.61 
F. oxyporum 3 3 2 2 2 3 2 0.14 
F. poae 10 12 9 6 11 11 12 0.29 	' 
F. tricinctum 2 3 2 2 2 2 3 0.28 Seeds infected by one or 
more Fusarium species 29 27 30 28 28 25 40. 0.96 
No significant differences. 
from farmers was 32.7 %. This total infection 
was also significantly higher than in barley or 
oats (Table 5). Otherwise the occurrence of 
,various Fusarium species was again basically 
the same as in the materials already mentioned. 
No clear differences were noted in fusarial 
infection among different varieties. In spring 
wheat there were no significant differences  
among the varieties as regards the five most 
common Fusarium species (Table 6). However, 
in total infection of any Fusarium species it 
was noted that the Tähti variety showed sig-
nificantly less infection than Apu, Ruso or 
Touko varieties. In barley, varietal differences 
were also quite slight (Table 7), and the oats 
varieties showed no differences at ali (Table 8). 
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Discussion 
Cereal seed is always contaminated by sev-
eral mould species. In the United States 
CHRISTENSEN (1951) has pointed out that 
wheat grain is always mouldy. GORDON (1944) 
has shown Fusarium species quite common in 
Canadian cereal seed. In the present study 
Fusarium fungi occurred quite regularly in 
seeds, although their species and abundance 
varied considerably. In fact, cereal seed lots 
containing no Fusarium fungi were exceptional. 
Fusarial infection may differ from year to 
year, depending on the weather conditions 
during the growing season (HEwETT 1967). 
Although the rainy harvest season in 1967 
increased the occurrence of Fusarium species, 
yearly variation in the material from 1966 — 
68 was very slight. On the other hand the 
exceptionally high temperatures and quite 
abundant local rainfall during the growing 
season may possibly have been the main 
reasons for the heavy fusarial infection in 
cereal seed in 1972. Observations made by 
MÄKELÄ (1973) have revealed that compared 
to the year 1971, fusarial infection in cereal 
crops during the growing season of 1972 was 
much higher. KoNszxv and PÄSTI (1971) have 
reported that weather conditions were the 
primary reason for the great abundance of 
Fusarium species in cereal seed in Hungary 
in 1970. According to GORDON (1952) the 
humid climate in eastem parts of Canada 
causes fusarial contamination, which was 
double that of seeds harvested in westem 
parts of Canada. In the dry climate of Australia, 
Fusarium fungi are only of minor importance 
in cereal seeds (SHIPToN and CHAMBERS 1966). 
Fusarium nomenclature is, in its present 
state, rather frustrating. Of the various classi-
fication models the systems presented by 
WOLLENWEBER and REINKING (1935), SNYDER 
and HANSEN (1940, 1941, 1945, 1954) and 
GORDON (1952, 1954, 1960) are probably ali 
accepted by major groups of mycologists and 
plant pathologists. The latest proposition for 
fusarial taxonomy was made by BOOTH (1971)  
who follows Gordon rather closely. Because 
Gordon originally based his system on the 
study of Fusarium fungi occurring in cereals, 
the authors found his classification the most 
suitable in the present study. 
The Fusarium fungi isolated were identified 
as 17 different species. Of these species several 
occurred only occasionally. The most com-
monly isolated species were: P. avenaceum, F. 
culmorum, F. poae, and F. tricinctum. These 
species occurred in 40 % of ali samples exam-
ined in 1972. Also rather common, occurring 
in more than 10 % of the samples in 1972, 
were the species F. acuminatum, F. arthrospo-
rioides, F. graminearum, F. oxyporum, and F. 
semitectum. GORDON (1952) reported F. poae as 
the species most often isolated in Canada. He 
found F. culmorum and F. graminearum only 
occasionally in cereal seeds. In many other 
countries, however, F. culmorum is known to 
he one of the most destructive Fusarium species 
in cereals (de TEMPE 1964, COOK 1968, FLAN-
NIGAN 1969, DOWNES 1971 a). F. avenaceum — 
species has been isolated frequently in ali 
cereals (HEwETT 1967, FLANNIGAN 1969, 
BOOTH 1971). 
In spring cereals F. culmorum was typical in 
wheat. BOOTH (1971) amd DOWNES (1971 a) 
have reported similar results. F. avenaceum was 
abundant in ali cereals, but less in wheat than 
in barley or oats. It often occurs in barley also 
according to JORGENSEN (1969) and KOLK 
(1972). F. poae was most often isolated from 
oats, which is the principal host to this species 
according to GORDON (1944). That F. oxy-
sporum occurs mainly in wheat is supported 
by the finding of GORDON (1952) and ZAKHA-
ROVA (1971). 
Variety has relatively little influence on the 
fusarial infection. HYDE (1950) has stated that 
the significance of cereal variety is very slight 
in this respect. DOWNES (1971 b) has shown 
that infecion caused by F. culmorum in wheat 
is totally independent of the variety. RAINIO 
(1937) has suggested, however, that oats va-
rieties with a black seed coat are more resistant 
to F. graminearum (Gibberella saubinetii (Mont.) 
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Sacc. pr.p) than the light-coloured varieties. 
Even heavy fusarial infection did not seem 
to lower the germination power much. WAL-
LACE and MILLs (1970) have stated that al-
though seed infection after a rainy harvest 
season can be strong, germination poWer is 
not necessarily weakened. The general ger-
mination test carried out in the laboratOry is 
usually too short for several seed-borne rfungi 
to cause any immediate harm to the rapidly 
developing coleoptiles or roots. 
There are numerous references indicating 
that F. graminearum is the most harmful species 
of ali Fusarium fungi, because it is generally a 
strong pathogen (ANATASOFF 1920, JAMALAI-
NEN 1955, COLHOUN and PARK 1964, CHRIS-
TENSEN 1969) and can also produce myco-
toxins (RAINIO 1932, BOOTH 1971). Its occur-
rence in Finland is mainly limited to oats, 
and it probably causes less harm in cereals 
than some other species under Finnish con-
ditions. F. culmorum is a well known parasite 
causing foot and root rots in cereals as well 
as seedling blight (HÄRDH 1953, CHRISTENSEN 
1969, COLHOUN 1970, DOWNES 1971 b). F. 
avenaceum is often shown to be pathogenic, 
causing similarly seedling blight and head 
blight in cereals (CHRISTENSEN 1969, COL-
HOUN 1970). Both these species occur so 
abundantly in Finland that they should be 
considered as serious and harmful pathogens. 
F. poae is known as a weak pathogen (MALONE 
and MusKETT 1964), but it may occasionally 
be a significant parasite in barley (BouroN and 
NUTTAL 1968). F. tricinctum occurs parti-
cularly in barley and should also be considered 
as a serious fungal contaminant in seeds, since 
it is known to be capable of producing myco-
toxins (KORPINEN and YLimÄK1 1972). 
Several other species which occur only 
occasionally in Finland have been shown to be 
dangerous producers of toxins. F. moniliforme 
produces mycotoxin in cereal seeds (KORPI-
NEN and YLImÄKI 1972) and in maize (corn) 
(DouPNIK 1972). BILAI (1970) has demonstra-
ted F. sporotrichioides (F. sporotrichiella Bil.) as a 
dangerous species in cereals, because it can 
also produce mycotoxins. 
The species of F. acuminatum, and F. oxy-
sporum (SPRAGUE 1950) are weak parasites or 
saprophytes. GORDON (1954), however, has 
emphasized the strong pathogenic properties 
of F. oxyporum in many other plants. F. 
arthrosporioides is pathogenic in clover (YLI-
MÄKI 1967), but in cereals it does not play any 
important role. Similarly, F. semitectum is of 
little importance (Boum 1971). 
F. solani is saprophytic and rare in cereals, 
although it is a serious plant pathogen in 
many other plants (WoLLENWEBER and REIN-
KING 1935). The occurrence of F. chlamidospo-
rum, F. coeruleum, F. equiseti, F. lateritium and 
F. sambucinum was so slight that they should 
be of no importance in cereal seeds in Finland. 
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SELOSTUS 
Viljasadossa esiintyvät Fusarium-lajit 
JUHANI UOTI ja AARRE YLIMÄKI 
Maatalouden Tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila 
Viljasadossa tavattavien Fusarium-sienten lajistoa ja 
esiintymisrunsautta tutkittiin yhteensä 1586:sta sato-
näytteestä vuosilta 1966-68 ja 1972. Aineisto koostui 
kolmesta erillisestä näyteryhmästä, joista vanhin saa-
tiin Kasvinviljelylaitoksen leikkuupuintikokeista Tik-
kurilasta 1966-68. Viljelijöiden ja viljakauppaa har-
joittavien keskusliikkeiden vuonna 1972 laitokselle 
hometutkimuksiin lähettämät satonäytteet muodosti-
vat toisen ryhmän ja samana vuonna Maatalouden 
tutkimuskeskuksen neljältä koepaikalta (Tikkurila, 
Jokioinen, Mietoinen ja Anjala) saadut kevätviljojen 
lajikekokeiden satonäytteet kolmannen näyteryhmän. 
Näytteet tutkittiin Kasvitautien tutkimuslaitoksella 
siemenkohtaisesti idättämällä tietty määrä siemeniä 
kostealla suodatinpaperilla erityisessä idätysastiassa 
kolmen viikon ajan, minkä jälkeen esiin kasvaneet  
sienet voitiin määrittää. 
Fusarium-sienet osoittautuivat viljasadossa erittäin 
yleisiksi, joskin niiden lajisto ja määrä saattoivat suu-
resti vaihdella eri tekijöistä riippuen. Kasvukauden 
sääolot ovat ilmeisesti yksi tärkeä tekijä määrällisessä 
vaihtelussa. Vuoden 1972 satonäytteet sisälsivät Fusa-
rium-sieniä selvästi enemmän kuin vuosien 1966-68 
näytteet. 
Eri lajeja eristettiin yhteensä 17, joista.valtaosaa ta-
vattiin vain harvoin. Yleisimpinä lajeina olivat F. ave-
naceum, F. culmorum, F. poae, F. tricinctum, joita tavat-
tiin vuoden 1972 satonäytteissä yli 40 % kaikista 
näytteistä. Kevätvehnässä oli viljalajeista yleensä eniten 
Fusarium-sieniä, ja eri sienilajeista F. culmorum esiintyi 
tyypillisesti yleisimpänä juuri vehnällä. Viljalajikkeen 
vaikutus Fusarium-saastuntaan todettiin vähäiseksi. 
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DISTRIBUTION OF DAMAGE CAUSED BY LYGUS RUGULIPENNIS POPP. 
(HET., MIRIDAE) IN CULTIVATED FIELDS 
ANNA-LIISA VARIS 
VARIS, A.-L. 1974. Distribution of damage caused by Lugus rugulipennis 
Popp. (Het., Miridae) in cultivated fields. Ann. Agric. Fenn. 13: 18-22. 
In sugar beet, damage by Lygus rugulipennis was less frequent at a distance 
of 0-10 m from the field edge than in the inner parts. In fields with dia-
meters ranging from 60 to 200 metres, the relative amount of damage did not 
depend on the size of the field. In the zone 0-30 m from the edge more 
damage occurred in fields bordering on ley or forest than in those bounded 
by spring cereals or root crops. There was less damage in corners of fields 
facing N —NE than i those facing S—SW or E —SE. The probability of 
damage to successive seedlings in a row was vety significantly higher than the 
probability of damage to a single plant. 
In sweep-net samples from spring wheat fields fewer L. rugulipennis were 
caught in the zone 0-10 m from the field edge than in the inner parts. Local 
microclimate had a notable effect. L. rugulipennis was most abundant in warm, 
sunny spots, such as the southern aspects of small rises in the ground. 
The distribution of Lygus rugulipennis speci-
mens within a cultivated crop and the factors 
affecting this have been very little investi-
gated. AFSCHARPOUR (1960) in Germany made 
a study, based on sweep-net samples, of the 
distribution of bug species, including L. ruguli-
pennis, between the edge zone (0-10 m from 
field edge), the intermediate zone (10-30 m 
from field edge) and the centre of the field 
(more than 30 m from the edge). 
Since L. rugulipennis is harmful to sugar 
beet seedlings (cf. VARIS 1972), an investi-
gation was made in 1967 on the distribution 
of L. rugulipennis damage within sugar beet 
fields in southern Finland. Since the numbers 
of bugs and of plants damaged by them are 
low in sugar beet, additional data for the  
study were collected in 1967 and 1968 by 
taking sweep-net samples from fields of spring 
wheat where the catches of bugs are generally 
larger than in other crops. 
Matetials and methods 
The distribution of damage by L_ygus bugs 
was studied in sugar beet fields at several 
southern Finnish localities in June 1967. 
Inspections were made on series of plots 
10 x 10 m2, starting from a corner of the 
field. The plots were so arranged that their 
diagonals fell on a line cutting the corner of 
the field at an angle of 450. The inspections 
were extended to the middle of the field. 
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In each plot 25 seedlings were examined and 
the proportion damaged was determined. 
Notes were made of bordering vegetation 
and the quarter of the compass towards which 
the corner faced. The effect of field edge 
proximity was computed separately for each 
field size class by analysis of variance. The 
effects of field size, aspect, and bordering 
vegetation were compared by the t-test. Ali 
the fields inspected formed part of relatively 
large cultivated areas, as is usual in the main 
sugar beet growing region of southern Fin-
land; for this reason the effect of size of area 
was not considered. 
The data so collected and the results of some 
pest control trials on sugar beet at Tikkurila 
were used to calculate, for rows of seedlings 
before thinning, the probability of damage to 
successive plants. Polyploid seed at rate of 
18 kg/ha was mostly used. 
Supplementary studies on the effect of proxi-
mity to the field edge were made in 1967-
1968 by correspondingly colleting sweep-net 
samples from 10 m2 plots of spring wheat in 
late summer, when adults of the new genera-
tion. of L. rugulipennis were present and the 
numbers of individuals were greater than in 
early summer. Fifteen double strokes were 
made on each plot. The net had a mouth 34 
cm in diameter, and a handle 75 cm long. 
The results were calculated by analysis of  
variance. The significance of the results is 
expressed as follows : 
*P = 0.05 
**P = 0.01 
Results and discussion 
Distance from the edge. In the sugar beet fields 
less bug damage was noted in ali field size 
classes in the zone 0-10 m from the edge 
than in the zones nearer the centre of the 
field (Table 1). Within the separate field size 
classes, however, differences in the distri-
bution of damage between the different zones 
were not significant. But for ali fields together 
(fields diameter -5 60 m) there was a signicant 
difference (P<0.05) in frequency of damage 
between the 0-10 m zone and the inner 
zone. 
In the spring wheat fields (field diameter 
".--100) the 0-10 m bnundary zone had fewer 
bugs than the inner zones (P<0.05). Within 
the separate field size classes differences in the 
numbers of bugs between the different zones 
were not significant (Table 2). In the spring 
wheat fields the numbers of bugs per plot and 
the differences between the numbers in the 
plots were very large. It was observed during 
sampling that local microclimate had a notable 
effect. The bugs preferred warm, sunny spots, 
such as the southern slopes of small rises in 
the ground. 
Table 1. Average frequency (%) of seedlings injured by Lygus bugs in sugar beet fields 
at different distances from the field edge. 
Taulukko 1. Lygus-luteiden vioittamien taimien keskimääräinen runsaus (%) sokerjjuurikas-




läpimitta, m 0-10 10 — 20 20-30 
Distance from field edge, m 
Etäisyys viljelyksen reunasta, m 
30 — 40 	40-50 	50 — 60 	60 — 70 70 — 80 80 — 90 90 — 100 
>200 3 13 21 33 31 21 33 20 29 32 27 1.20 
>180 8 14 17 20 19 16 24 22 21 22 0.74 >140 15 19 20 22 20 20 23 22 0.31 
>120 20 19 21 22 21 20 26 1.40 
>100 25 19 22 24 23 21 1.05 
> 80 30 19 22 23 22 1.30 
> 60 45 19 22 24 2.65 
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Table 2. Number of Lygus rugulipennis specimens per 2 x 15 sweeps in spring wheat fields at different distances 
from the field edge. 
Taulukko 2. Lygus rugulipenniksen runsaus (yksi1öä12 x 15 haavinvetoa) kevätvelmäviljeyksillä eri etäisyyksillä viljelysten 
reunasta. 
Diameter of 	 Distance from field edge, m 
field, m 	n Etäisyys viljelyksen reunasta, m 
Viljelyksen 
läpimitta, m 	0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 100-110 
>220 4 20 31 33 40 63 84 90 125 57 72 83 1.60 
>160 7 50 74 74 87 88 120 125 139 2.09 
>100 11 48 70 64 74 76 1.30 
Table 3. Frequency of seedlings injured by Lygus bugs in 
sugar beet fields of different sizes. 
Taulukko 3. Lygus-luteiden vioittamien taimien runsaus (%) 













45 	22 	 — 
45 23 0.35 	— 
45 	20 	0.61 	0.82 
AFSCHARPOUR (1960), too, found that L. 
rugulipennis was less abundant in the 0-10 
m border zone than in the 10-30 m inter-
mediate zone, but according to his results 
there were even fewer bugs in the centre of 
the field (>30 m from field edge) than in 
the edge zone. This could not he shown in 
the present investigation. 
Occurrence of damage in successive plants. In 
total, 10 382 seedlings were inspected. Of 
these 18 % were damaged by bugs. The prob-
ability of damage to successive plants in a 
row was 0.297, which was very significantly 
higher than the probability of damage to a 
single plant, 0.154. 
Ske of field. The frequency of bug damage 
-in sugar beet crops of different sizes was 
determined by cou_nting numbers of damaged 
plants in the area 0-30 m from the field edge 
separately for small (0±60 m), medium 
(0 80-120 m) and large (0 140-220 m) 
fields. These size limits were chosen arbitrarily  
for the sole reason that they gave three equally 
large sets of values for 45 plots. 
Within the field size classes studied there 
were no differences in the relative amount of 
bug damage between fields of different sizes 
(Table 3). Although BILEWICZ-PAWII;ISKA 
(1965) found only half as many species of 
Heteroptera in large fields (>1 ha) as in small 
fields 	1 ha), data on the appearance oflarvae 
and imagines of the species occurring in the 
large fields (e.g. L. rugulipennis) were similar 
to those in the small fields. 
Direction and border vegetation. There was less 
bug damage at a distance of 0-30 m from 
the corners facing N-NE than at the same 
distance from corners facing S-SW or E-SE 
(Table 4). In sugar beet fields, 0-30 m from 
a corner bordering on ley or forest on one 
side at least bug damage was significantly 
greater than at the same distance from a 
corner bordering on spring cereals or root 
crops or both (Table 5). There was no signi- 
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Table 4. Frequency of seedlings injured by Lygus bugs in corners of sugar beet 
fields facing in different directions. 
Taulukko 4. Ludevioituksen runsaus sokerijuurikasviljelysten eri ilmansuuntiin 
avautuvissa kulmissa. 
























Table 5. Frequency of seedlings injured by Lygus bugs in the edge zones of 
sugar beet fields bordering on different types of vegetation. 









A Ley or winter cereal 





	Spring cereal, root crops or potatoes 
Kevätvilja, juurikasvit tai peruna 
63 24 
33 24 0 0 
39 17 2.84** 1.87 
ficant difference in frequency of bug damage 
between fields bounded by ley or forest. 
According to BILEWICZ-PAWII<ISKA (1965), 
the abundance of L. rugulipennis did not always 
depend on the influence of forest. In her 
studies ecological conditions were favourable 
for this species. Presumably the shelter af-
forded by forest or ley affects the abundance 
of the species in spring but is of no signif-
icance in favourable conditions. This assump-
tion is supported by the above observation 
concerning the effect of direction, showing 
that bugs migrate from their overwintering 
habitats towards field edges facing south, as 
well as by the observation of HOSSFELD (1963), 
in a locality where L. rugulipennis migrated in 
spring to a field of oilseed rape from an ad-
jacent wood, that owing to cool weather the 
dispersion of the bugs was limited to the 
close proximity of the wood for three weeks. 
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SELOSTUS 
Peltoluteen aiheuttaman vioituksen esiintymisestä viljelysten eri osissa 
ANNA-LIISA VARIS 
Maatalouden tutkimuskeskus, Tuhoeläintutkimuslaitos, Tikkurila 
Peltoluteen aiheuttaman vioituksen esiintymistä so-
kerijuurikasviljelysten eri osissa tutkittiin useilla Etelä-
Suomen paikkakunnillå kesällä 1967. Tarkoituksena 
oli selvittää, olisiko luteen esiintymisessä pellon reu-
noihin tai muihin ympäristötekijöihin nähden sel-
laista säännönmukaisuutta, jota voitaisiin käyttää hy-
väksi lajin torjunnassa. Kun peltoluteiden ja niiden 
vioittamien taimien absoluuttiset lukumäärät sokeri-
juurikkaassa ovat vähäiset, täydennettiin tutkimusta 
ottamalla vuosina 1967 ja 1968 syyskesällä haavinta-
näytteitä kevätvehnäviljelyksiltä. 
Aivan pellon reunassa (0-10 m) oli sokerijuurikas-
mailla ludevioitusta ja kevätvehnässä luteita vähem-
män kuin sisempänä. Luteiden vioittamien taimien suh-
teellisessa määrässä ei ollut eroja eri kokoisten sokeri-
juurikasviljelysten kesken. Tutkittujen viljelysten läpi-
mitta vaihteli 60 :stä 220 metriin. Nurmeen tai metsään 
rajoittuvalla sokerijuurikasviljelyksellä oli 0-30 met- 
rin etäisyydellä reunasta enemmän ludevioitusta kuin 
vastaavasti kevätviljoihin, juurikasveihin tai perunaan 
rajoittuvilla viljelyksillä. Paikallisella mikroilmastolla 
oli huomattava vaikutus. Kevätvehnältä haavintanäyt-
teitä elokuussa otettaessa voitiin todeta luteiden suosi-
van lämpimiä, aurinkoisia kohtia, esimerkiksi pienten 
kumpareitten aurinkoisia rinteitä. Sokerijuurikasmailla 
ludevioitusta oli viljelysten pohjoiseen—koilliseen 
avautuvissa kulmissa vähemmän kuin etelään—lounaa-
seen tai itään—kaakkoon avautuvissa kulmissa. 
Sokerijuurikkaan taimiriveissä ludevioitusta esiintyi 
usein perättäisissä taimissa. 
Peltolude näyttää siis suosivan pellon lämpimimpiä 
kohtia, mutta on muuten levinnyt jokseenkin tasai-
sesti viljelyksillä kapeaa, vähemmän runsaan esiinty-
misen reuna-aluetta lukuunottamatta viljelyksen kes-
kustaan saakka. 
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THE IONONE CONTENT OF RASPBERRIES, NECTARBERRIES AND NECTAR 
RASPBERRIES AND ITS INFLUENCE ON THEIR FLAVOUR 
HEIMO HIIRSALMI, HEIKKI KALLIO, TAPANI PYYSALO, REINO R. LINKO and 
PERTTI KOPONEN (t) 
HIIRSALml, H., KALLIO, H., PYYSALO, T., LINKO, R. R. 8c KOPONEN, P. (t). 
1974. The ionone content of raspberries, nectarberries and nectar rasp-
berries and its influence on their flavour. Ann. Agric. Fenn. 13: 23-29. 
Ionones are the compounds responsible for the distinctive flavour of the rasp-
berry. The capacity to form ionones is an inherited feature, but the mechanism 
of its inheritance is not yet known. The determinations of the ionone content 
of the raspberry variety 'Ottawa' were rather high (alpha-ionone 1 —2 ppm, 
beta-ionone 0.5-1 ppm). In contrast, no ionones could he demonstrated in the 
nectarberry. Ionones occur in the fruit of the hybrid of the raspberry and the 
nectarberry, the nectar raspberry, but the content is less than a hundredth part 
of the ionone content of the raspberry. 
So far little is known of the compounds responsible for the strong, dis-
tinctive flavour of the nectarberry. The nectarberry aroma varied in strength 
between the nectar raspberry cultivars. Analyses performed by gas chromato-
graphy and mass spectrometry showed that the composition of the aroma 
compounds differed clearly between the nectarberry and the raspberry. 
The fruits of the raspberry and the nectarberry are important raw material for 
the foodstuffs industry. They are particularly suitable for the preparation of 
liqueurs, to which they impart their agreeably distinctive flavours. The new 
fruit-bush that is being developed, the nectar raspberry, also seems to produce 
fruit that is suitable for this purpose. 
Introduction 
The genus Rubus comprises 111.1.MerOUS 
species whose fruit is widely known for its 
agreeable flavour. The most important for 
horticultural purposes is the raspberry, R. 
idaeus L. Its cultivation dates back several 
centuries and a large number of different 
varieties have been developed (e.g. GRUBER 
et al. 1962). The nectarberry, R. arcticus L., 
also called the arctic bramble or arctic rasp- 
berry, has a restricted subarctic-boreal distri-
bution and is thus less well known than the 
raspberry. However, it is of importance, espe-
cially in the manufacture of liqueurs and soft 
drinks, on account of its agreeably delicate 
and distinctive flavour. From as early as 1930 
onwards, attention has been paid to the pos-
sibility of cultivating the nectarberry in Fin-
land. Work has now progressed so far that 
field plantings can be made, and the first two 
nectarberry varieties were put on sale in spring 
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1972 (RYYNÄNEN 1972, 1973). Breeding and 
selection work has also been performed at 
the Institute of Horticulture for over 30 years, 
with the object of developing a plant that 
would possess the special flavour of the nec-
tarberry in combination with the properties 
that make the raspberry so suitable for culti-
vation, especially its reliable fruit yield. Prom-
ising results have now been obtained after 
prolonged selection and cross-breeding be-
tween the raspberry and the nectaberry and 
repeated back-crossing of the hybrids (1411R-
SALMI 1969). A new fruit-bush, the nectar 
raspberry, has been evolved, and preparations 
are being made to start the practical cultivation 
of the most promising cultivars. 
The aim in developing the nectar raspberry 
has been to obtain a plant whose fruit would 
be particularly suitable for use in the pro-
duction of soft drinks and liqueurs. It is thus 
important that its flavour should be both 
agreeable and sufficiently strong. This feature 
was examined by performing organoleptic 
tests on raspberries, nectarberries and nectar 
raspberries, and investigating their suitability 
for the preparation of liqueurs. Chemical 
analyses were also performed to discover the 
factors responsible for the flavour. In this 
connection, particular attention was paid to 
compounds of the »ionone class» contained 
by the fruit, these having been observed in 
many natural products. 
Ionones 
Ion.ones are volatible compounds with a 
strong scent and taste, whose aroma is de-
scribed by AYERS et al. (1964) as »violet like». 
WILSON (1939) was the first to investigate the 
beta-ionone of the raspberry as m-nitrobenz-
hydraxine derivative. He could n.ot demon-
strate the compound in the fruit itself, but 
only in commercial preparations of the rasp-
berry. However, this does n.ot n.ecessarily 
mean that the compound had been added to 
the product; it may have developed biochem- 
ically from its precursors during handling or 
storage. 
NAVES (1947) reported that small quantities 
of beta-ionones were found by BOHNSACK in 
the raspberry, and their presence was con-
firmed by the later studies of WINTER and 
SUNDT (1962) and BOHNSACK (1967). WINTER 
and SUNDT (1962) demonstrated that alpha-
ionones occurred comparatively abundantly 
(1-0.1 ppm) in the. varieties 'Lloyd George', 
'Bois rouge' and' Bois blanc', whereas beta-
ionones were present only in trace amounts 
(<0.001 ppm). According to them, carbonyl 
compounds (aldehydes and keton.es) and alco-
hols are the substances responsible for the 
characteristic flavour of the raspberry. They 
demonstrated that carbonyls constituted 14 % 
of the aroma distillate. When studying the 
chemical properties of various raspberry va-
rieties, DucLos and LATRASSE (1971) observed 
that the content of carbonyl compounds in-
creased evenly as the fruit ripened, averaging 
150 ppm in fully ripened fruit and about half 
that concentration in unripe fruit. They con-
sidered that carbonyls constitute about half of 
the total volatile fraction. 
MCGLUMPHY (1951) failed to find any beta-
ionones in his laboratory studies of the black 
raspberry. Information on the occurrence of 
ionones in the genus Rubus is somewhat in-
consistent. The uncertainty of the analytic 
results is increased by the fact that the names 
of the varieties investigated are n.ot always 
given. In addition, owing to differences in 
the methods employed in the studies, the 
results are not directly comparable. 
The latest, most modem methods were 
employed in the study performed on the rasp-
berry by WINTER and ENGGIST (1971). The 
presence of alpha- and beta-ionones reported 
in many earlier studies was confirmed with 
the mass spectrometer and the infrared spectro-
scope. The concentration of the compounds 
was shown to be 0.5-0.05 ppm. Other flavour 
substances belonging to the same group which 
were identified with the mass spectrometer 
were the beta-dihydroionone (<0.005 ppm), 
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epoxy-beta-ionone (<0.05 ppm) and dama-
s cenone (<0.005 ppm). 
STEVENS (1970) demonstrated conclusively 
that in the tomato ionones are formed from 
certain carotenoids through enzyme-promoted 
chemical changes : the alpha-ionone being 
derived from aplha- and delta-carotenoes, and 
the beta-ionone from alpha-, beta- and delta-
carotenoes. If the same type of mechanism is 
involved in the fruit of the genus Rubus, the 
amount of ionones found in the fruit will he 
closely dependent on its degree of maturity, 
treatmen.t, including freezing, the methods 
of analysis, etc. HONKANEN (1972 a, 1972 b) 
failed to demonstrate the presence of any 
ionones among the ca. 80 compounds identi-
fied in the cloudberry (R. chamaemorus L.). 
Twelve aldehydes and ketones were identified, 
including 6-methy1-5-hepten-2-one, which con-
stituted about 0.7 % of the concentrate distil-
late. The last-named compound was shown 
by STEVENS (1970) to he derived from caro-
tenoids in the tomato, being formed from 
neurosporene, lycopene, prolycopene, and 
gamma- and delta-carotenes. 
Material and methods 
The raspberries were ali obtained from the 
variety 'Ottawa'. Five cultivars of the nectar 
raspberry were examined, one of which, 025 
or 'Merva', is the F3 generation. It was selec-
ted from the offspring of a freely pollinated 
hybrid individual, which was obtained when 
an unidentified raspberry variety was pol-
linated by a nectarberry strain from Maaninka 
in North Savo. The other four cultivars, 
62020003, 62020018, 62020037 and 62020053, 
originated from crosses performed in 1962 
between the raspberry variety 'Malling Prom-
ise' and 'Merva'. Ali the raspberries and nectar 
raspberries investigated were obtained from 
trial plantings at the Institute of Horticulture 
at Piikkiö Both the fresh and frozen nectar-
berries used in the organoleptic tests were also 
obtained from plantings at the Institute of 
Horticulture. The fruit used in the preparation 
of liqueurs was bought on the open market. 
The ionone determinations were performed 
on the fruit of nectarberries cultivated at the 
North Savo Experiment Station at Maaninka. 
The taste of the fruit and the strength of 
any nectarberry flavour present were assessed 
by a group of 11-14 persons at the Institute 
of Horticulture. Although they had had no 
special training as tasters, these persons were 
ali very familiar with the flavour of the nectar-
berry. As regards the taste, they were only 
required to say whether it was agreeable or 
not. The organoleptic tests were applied to 
fresh fruit harvested in 1970, 1971 and 1972 
and newly thawed frozen fruit harvested in 
1967, 1969 and 1970. 
The liqueur samples were prepared at the 
factory of Huhtamäki-Yhtymä Marli at Turku. 
Frozen berries were allowed to thaw and 
extracted twice with ethanol, the extract being 
filtered and made into a liqueur. In each sample 
200 g of fruit and 450 g of added sugar were 
used to prepare one litre of the liqueur (in 
1970 200 g of fruit and 300 g of added sugar 
per litre). The concentration of alcohol in the 
liqueur was kept at 18 %. The organoleptic 
tests of the liqueur were performed by 6-8 
experts. 
The fruit for the ionone determinations was 
frozen immediately after harvesting and kept 
at a temperature below —20°C until the ana-
lysis. The frozen fruit was pulped and its 
volatile fraction was collected by vacuum 
steam distillation in a nitrogen atmosphere. 
The 2,4-dinitrophenylhydrazones (DNPH) of 
the carbonyl compounds were extracted with 
pentane. The method is explained in detail in 
an earlier study (KALLIO and LINKO 1973). 
The 2,4-DNPH's could he divided into classes 
by thin-layer cromatography. They were dis-
solved in ethyl acetate and applicayed to 
plates covered with magnesium oxide and 
Celite 545 (2:7), which were developed in a 
hexane-chloroform mixture (2:1) for 60 min. 
The ionones were quantified by gas-liquid 
25 
ALKENALS 	






Fig. 1. Thin-layer chromatogram of 2,4-dinitrophenyl- 
hydrazones of carbonyl compounds in aroma distillate 
from raspberry. 
Kuva 1. Vadelmasta eristettyjen karbonyylien 2,4-dinitro- 
feny1hydratsonijohdannaisten obutlevykromatogrammi. 
chromatography in temperature programmed 
runs with 4 % SE-30 columns (KAIJA° and 
LINKO 1973). 
Results 
Great subjectivity was revealed by the judge-
ments regarding the taste of the fruit in the 
organoleptic tests (Table 1). Some of the 
tasters preferred the nectarberry and some the 
raspberry. The nectar raspberries with the  
best fruit were considered by some tasters to 
be cultivars 62020003 and 62020018, whose 
taste most clearly resembles that of the rasp-
berry; others chose cultivars 62020037 and 
62020053, whose fruit is sour; other tasters 
chose the cultivar 'Merva', which is close to 
the nectarberry in flavour. Thus the fruits 
did not differ greatly from each other in the 
mean points awarded for their taste. Of the 
fresh fruits, cultivar 62020053 was the best 
and 'Merva' was the poorest; of the frozen 
fruits, the raspberry variety 'Ottawa' was the 
best and cultivar 62020037 was the poorest. 
In contrast, there were very clear differences 
in the points awarded for the nectarberry 
flavour. It was naturally strongest in the fruit 
of the nectarberry, and was not found at ali 
in the raspberries. 'Merva' was defmitely the 
nectar raspberry with the strongest nectar-
berry flavour. Most of the tasters of the 
fresh fruit also considered that the nectar-
berry flavour was fairly strong in cultivar 
62020018. The nectarberry flavour seems to 
decrease during freezing, or else it is masked 
by new flavours. Special experience is thus 
required for assessing this flavour in frozen 
fruit. 
In the tests of the liqueurs (Table 2), ali the 
samples were inferior to Marli's »Nectarberry 
Table 1. The points awarded for taste and nectarberry flavour. The results are the means of fresh fruit harvested 
in 1970, 1971 and 1972 and frozen fruit harvested in 1967, 1969 and 1970. 
Taulukko 1. Yhteenveto marjojen makua ja mesiaromia koskevista arvosteluista. Tulokset on ilmoitettu tuoremarjoilla 
vuosien 1970, 1971 ja 1972 keskiarvoina ja pakastemarjoilla vuosien 1967, 1969 ja 1970 keskiarvoina. 






Taste 	Nectarberry flavour 
Maku Mesiaromi 
*) 0-10 Range 
Ääriarvot 
*) 0 -10 Range 
Ääriarvot 




'Ottawa' 	 6.4 4- 9 0.0 0 8.0 5-10 0.0 0 
62020003  6.2 9 3.7 2-5 7.6 5- 9 0.2 0- 1 
62020018 	 6.0 4- 9 6.4 4-7 7.0 4- 8 0.2 0- 1 
62020037  5.8 8 5.3 2-6 6.3 8 0.4 0- 2 
62020053 	 6.6 9 4.5 2-6 6.8 4- 8 0.3 0- 3 
'Merva'  4.8 2-10 7.7 4-9 6.9 2-10 1.7 0- 6 
Nectarberry 
Mesimarja 	 6.5 3-10 10.0 10 7.7 9 8.5 3 	10 
9 0-10 = very poor - very good, erittäin heikko - erittäin hyvä 
**) 0 -10 -= no nectarberry flavour - very .3trong nectarberry flavour, ei mestaromia - erittäin voimakas mesiaromi 
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Table 2. Position in descending order of excel- 
lence of liqueur samples prepared from fruit 
harvested in 1970, 1971 and 1972. 
Taulukko 2. Vuosien 1970, 1971 ja 1972 marja- 
sadoista valmistettujen liköörinäytteiden arvosteltu 
paremmuusjärjestys. 
1970 1971 1972 
'Ottawa' 4 
62020003 4 3 
62030018 2 2 3 
62020037 1 4 5 
62020053 3 6 5 
'Merva' 5 5 2 
Nectarberry 
Mesimarja 1 1 
Table 3. Contents of alpha- and beta-ionones (ppm) 
in dry weight of fruit determined as 2,4-dinitro-
phenylhydrazones by gas-layer chromatography. 
Taulukko 3. Alfa- ja beta-jononien määrät (ppm) 






'Ottawa' 1-2 0.5-1 
62020003 0.001-0.01 0.001-0.01 
62020018 0.001-0.01 0.001-0.01 
62020037 0.0001-0.001 0.0001-0.001 
62020053 0.0001-0.001 0.0001-0.001 
'Merva' 0.001-0.01 0.001-0.01 
Nectarberry 
Mesimarja 0 0 
liqueur». A good liqueur was obtained from 
cultivar 62020018 in ali three test years and, 
on average, it was thus clearly the best cultivar. 
The study of the carbonyl compounds re-
vealed as their DNPH derivatives in gas 
chromatography showed that the raspberry 
contained far more carbonyls than the nectar-
berry. In particular, the amounts of hexenal 
and aldehydes with higher carbon numbers 
were notably larger in the raspberry than in 
the nectarberry. A very interesting difference 
from the point of view of the flavour is the 
absence from the nectarberry of the ionones 
that are so important for the aroma of the 
raspberry (Table 3). The nectar raspberries 
examined contained very small amounts of 
ionones. They were more abundant in cul-
tivars 62020003 and 62020018, which most  
resemble the raspberry in taste and scent, and, 
surprisingly, in 'Merva' than in the acid cul-
tivars 62020037 and 62020053. Fig. 1 shows 
the DNPH derivatives of the raspberry 
carbonyls separated in the thin-layer chro-
matogram; the ionone fraction is notably large. 
A similar fraction is absent from the nectar-
berry. 
Discussion 
Ionones are the compounds responsible for 
the special flavour of the raspberry. They im-
part to many raspberry varieties, more power-
fully to some than to others, a sweet, some-
times even displeasing taste. Even small quan-
tities of ionones give a noticeable flavour, e.g. 
it is clearly perceptible in the taste and scent 
of cultivar 62020018. Earlier analyses of the 
raspberry have shown that the concentration 
of ionones varies with the variety from 1 to 
0.001 ppm (WINTER and SUNDT 1962, WINTER 
and ENGGIST 1971). The capacity to form 
ionones is clearly inherited. The determina-
tions of the ionone content of 'Ottawa' are 
rather high (alpha-ionone 1-2 ppm and beta-
ionone 0.5-1 ppm). In contrast, no ionones 
have been found in the nectarberry. Ionones 
occur in the hybrid of the raspberry and the 
nectarberry, the nectar raspberry, but their 
content is less than a hundredth part of the 
ionone content of the raspberry. The me-
chanism of the inheritance of the capacity to 
form ionones is not yet known. More detailed 
studies on enzymes and precursors are ne-
cessary, as is clearly indicated by the work of 
STEVENS (1970) On tomatoes. 
So far very little is known of the compounds 
responsible for the strong, distinctive flavour 
of the nectarberry, although attempts are being 
made to analyse them. The organoleptic ob- 
servations indicate that the flavours of the 
nectarberry and the raspberry are due to 
different substances, although many com-
pounds have been identified that are common 
to both plants. Cultivar 62020018 clearly 
possesses both inones and the nectarberry 
fiavour. 
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The raspberry and the nectarberry are im-
portant as raw material for the foodstuffs 
industry. Their distinctive, agreeable flavours 
suit them particularly well to the preparation 
of liqueurs and wines. The new fruit-bush 
that is being developed, the nectar raspberry, 
also seems to have fruit that is suitable for 
this purpose. However the yields of 62020003 
and especially 'Merva' are so poor that they 
are unlikely to repay commercial cultivation. 
In contrast, the three other cultivars have 
such promising features that they deserve  
further study. One of the most important ob-
jects of such research should be the elucidation 
of the substances respon.sible for their aroma. 
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Vadelman, mesimarjan ja mesivadelman marjojen jononisisällöstä sekä sen vaikutuk- 
sesta aromiin 
HEIMO HIIRSALMI, HEIKKI KALLIO, TAPANI PYYSALO, REINO R. LINKO ja 
PERTTI KOPONEN (t) 
Jononit muodostavat vadelmalle tyypillisen, aromil-
taan selvästi erottuvan yhdisteen. Jononien muodos-
tumisprosessi on periytyvä ominaisuus, jonka meka-
nismia ei toistaiseksi tunneta. Vadelmalajikkeella 
'Ottawa' jononipitoisuus on määritetty varsin suureksi 
(alfa-jononia 1-2 ppm ja beta-jononia 0.5-1 ppm). 
Mesimarjoilla ei jononeja sen sijaan ole tavattu lain-
kaan. Vadelman ja mesimarjan risteytymien, mesiva-
delmien, marjoissa esiintyy jononeja, vaikkakin pitoi-
suudet ovat pienempiä kuin sadasosa vadelman mar-
jojen jononipitoisuuksista. 
Mesimarjalla tyypillisen voimakkaan atomin aiheut- 
tavista yhdisteistä tiedetään toistaiseksi vähän. Eri 
mesivadelmajalosteiden mesiaromi aistitaan vaihtele-
van voimakkaana. Kaasukromatograafiset ja massa-
spektrometriset tutkimukset osoittavat, että mesimar-
jan ja vadelman aromiainekoostumukset poikkeavat 
selvästi toisistaan. 
Vadelman ja mesimarjan marjat tunnetaan tärkeinä 
teollisuuden raaka-aineina. Ne soveltuvat erinomai-
sesti liköörien valmistukseen ja antavat niille omalei-
maisen, miellyttävän aromin. Kehitteillä olevan uuden 
marjakasvin, mesivadelman, marjat näyttävät myös 
olevan tähän tarkoitukseen käyttökelpoisia. 
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MARKKULA, M. 1974. Pests of cultivated plants in Finland in 1973. 
Ann. Agric. Fenn. 13: 30-33. 
In 1973 pests were considerably more abundant than usual. According to 
responses to inquiries, the average abundance of ali pests, in terms of a five-
value scale, was 3.3, whereas during the ten-year period 1964-1973 it had 
been 2.7. Aphids, especially Rbopalosiphunt padi, appeared in exceptionally 
large numbers. There was a mass occurrence of Oulema melanopus over a 
restricted arca in southern Finland. Leptinotarsa decemlineata appeared sporadic-
ally, especially in loads of early potatoes imported from Bulgaria. However, 
it was never able to establish itself in this country. Of the apples 24 % were 
damaged by Cydia pomonella and 18 % by Argyrestbia conjugella. Coccinella 
septempunctata was very abundant. Although it destroyed a large number of 
aphids, caused R. padi, heavy damage on spring cereals. 
The present survey, like the previous on es 
(e.g. MARKKULA 1973), is based chiefly on 
replies to inquiries sent to the advisers of 
Agricultural Centres. Inquiries were sent to 
182 advisers, and replies were received as 
follows : 
Replles % Communes % 
Spring inquiry 134 73 163 34 
First summer inquiry 153 85 191 40 
Second summer inquiry 148 81 152 32 
Autumn inquiry 136 75 157 33 
A genetal estimate of the abundance of pests 
for the whole growing season was given by 
129 advisers from 130 communes. The estimate 
was based on a flve-value scale (MARKKULA 
1969). In the year under review the country 
was divided into 401 rural communes, 22 
country towns and 60 cities, a total of 483 
communes. 
This growing season, like the previous one, 
was warmer than usual. May was average al-
most everywhere in the country, but after 
that the temperatures rose and remained high-
er than average till the end of August. In 
August and September the temperatures were 
below average. Frost appeared over almost 
the whole country at the end of August. 
Precipitation varied greatly in different re-
gions. The southem and south-eastern areas 
suffered from serious drought throughout the 
growing season, i.e. till the end of August. 
Only the south-westem parts of the country 
received more rainfall than usual in the be-
ginning of the growing season. Excluding 
the northem parts, September was rainier 
than average. 
30 
Table 1. Results of questionnaires. Severity of damage reported, using a scale of 0-10. The frequency of 





Severity of damage 
1973 	1964-72 
Frequency of damage 
1973 	1964-72 
Rhopalosiphum padi (L.) 	  173 2.9 1.0 57 14 
Macrosiphum avenae (F.)  109 2.8 1.5 48 24 
Elateridae 	  72 1.1 1.2 16 16 
Phyllotreta vittula (Redtb.) 	 110 1.0 1.1 19 21 
Oscinella frit (L.) 120 0.7 1.2 14 16 
FORAGE PLANTS 
Amaurosoma spp. 	  98 1.1 1.7 23 33 
Apion spp. 	  62 1.0 1.2 16 19 
ROOT CROPS AND VEGETABLES 
Halticinae 	  108 1.9 2.1 33 41 
Plutella maculipennis (Curt.) 	 87 1.7 1.8 24 24 
Hylemya brassicae (Bche) and H. floralis (Fall.) 143 1.5 2.2 29 30 
Hylemya antiqua (Meig.) 	  96 1.4 2.1 16 25 
Triocz apicalis (Först.)  79 1.4 1.5 26 26 
Pieris brassicae (L.) etc. 	  67 1.3 1.9 29 31 
Psila rosae (F.) 	  62 0.9 1.0 12 13 
Brevicoryne brassicae (L.) 	  37 0.8 0.9 17 14 
Phaedon cochleariae (F.)  55 0.8 1.3 24 22 
Mamestra brassicae (L.) 	  34 0.7 1.4 23 23 
TURNIP RAPE 
Meligetbes aeneus (F.) 	  40 0.8 1.3 27 45 
SUGAR BEET 
Pegomya betae (Curt.) 	  142 1.6 2.0 47 51 
Chaetocnema concinna (Marsch.) 	 81 1.3 1.8 42 42 
Lygus rugulipennis Popp. etc. 53 1.1 2.2 43 51 
Silpha opaca L. 	  56 1.1 1.6 34 37 
PEA 
Cydia nigricana (F.) 	  60 1.9 2.0 46 35 
APPLE 
Cydia pomonella (L.) 	  86 2.5 2.5 48 41 
Hyponomeuta malinellus (Zell.) 	 75 2.2 1.7 32 25 
Argyresthia conjugella Zell.  80 1.8 3.2 33 44 
Aphis pomiDeg. 	  82 1.6 1.7 29 26 
Psylla mali (Schmidbg.) 	  54 1.1 1.0 13 17 
Panonychus ulmi (Koch.)  50 1.0 1.5 25 23 
Lepus europaeus Pallas and L. timidus L. 58 0.8 1.6 5 14 
Microtus agrestis (L.) 	  57 0.8 1.1 5 8 
Arvicola terrestris (L.)  50 0.6 0.5 3 4 
Xyleborus dispar (F.) 	  43 0.5 0.6 4 5 
BERRIES 
Aphididae, on Ribes species 	 119 2.4 1.9 43 28 
Cecidophyopsis ribis 	(Wettw.)  97 2.2 2.2 24 32 
Stenotarsonemus fragariae (Zimm.) 	 101 2.1 2.1 32 29 
Incurvaria capitella Cl. 	  85 2.0 2.0 25 25 
Nematus ribesii (Scop.) and 
Pristiphora pallipes Lep. 	  88 1.7 1.8 16 19 
.Anthonomus rubi (Hbst.)  67 1.6 1.7 33 28 
Byturus urbanus (Lindh.) 	  71 1.6 1.8 33 31 
Pacbynematus pumilio Knw.  69 1.3 1.5 25 24 
Tetranychus urticae (Koch) 	  53 1.1 1.5 17 28 
Zophodia convolutella (Hbn.)  51 1.0 1.1 18 15 
PESTS ON SEVERAL PLANTS 
Hydroecia micacea (Esp.) 	  45 1.0 1.2 19 22 
Deroceras agreste (L.) etc.  44 0.9 1.4 18 25 
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Results and discussion 
According to the replies, the average abun-
dance of pests was 3.3 for the whole growing 
season. The figure is the highest in the ten-
year period 1964-1973, when the average 
was 2.7. Six species or groups of species caused 
greater losses than in 1964-1972 (Table 1). 
During this growing season the great abun-
dance of aphids was characteristic. Rhopalosi-
phum padi, especially, caused heavy damage 
both directly and by transmitting barley yellow 
dwarf virus. The hard drought over large 
areas increased the damage. The previous year 
of great damage by R.padi was 1959 (KANERVo 
1962, RAATIKAINEN and TINNI LÄ 1961). Many 
other aphids also appeared more abundantly 
than average, especially on berry bushes. 
The abundance of aphids led to a mass 
occurrence of ladybirds (Coccinellidae). Larvae 
of Coccinella septempunctata L. occurred in huge 
numbers on cereal crops, which were teeming 
with their aphid prey. In late summer C. sep-
tempunctata were to be seen everywhere in the 
country and in towns in the greatest numbers 
in living memory. 
A peculiarity of the growing season was the 
cereal leaf beetle Oulema melanopus (L.) and its 
unexpected mass occurrence in a restricted 
area of southemmost Finland, centring round 
Porkkala. Because of the damage done by 0. 
melanopus the barley fields were light in colour. 
In the worst areas there were 2500-3500 
larvae per m2. The severe drought increased 
the damage. Because the occurrence of 0. 
melanopus was entirely unexpected, the farmers 
were late in applying control measures. In 
1936 and 1937 0. melanopus appeared abun-
dantly in southem Ostrobothnia and caused 
damage, too (VA PPU LA 1962). 
The danger that Leptinotarsa decemlineata 
(Say) would spread into Finland was greater 
than ever before. Hitherto, only one living 
Colorado beetle has been found in this country 
- in grapes imported from Bulgaria, which 
were being sold in a market-place in Helsinki 
in 1963. Because of the shortage of potatoes,  
early potatoes were imported in large amounts 
from southern countries. In lorries carrying 
potatoes from Bulgaria through the USSR, 
living Colorado beetles and their larvae were 
found. Ali the infested loads were returned to 
Bulgaria. Some living beetles were also carried 
into this country with shipment of cauli-
flowers from Poland, and by tourists. 
As there was great danger that the Colorado 
beetle would spread into the country, in-
spection was tightened up, and through coo-
peration with the Association of Agricultural 
Centres the growers in the southem coastal 
region were informed of this threat. At the 
end of the growing season it was verified the 
Colorado beetle had not become established 
in this country. 
The incidence of Pegomya betae, Lygus ruguli-
pennis and Silpha opaca on sugar beet remained 
slight. Chaetocnema concinna occurred more 
abundantly than during the preceding year. 
C_ydia pomonella and Argyresthia colyirgella 
caused distinctly less damage than during the 
previous year, which, indeed, was a peak 
year for damage. The following table shows 
the percentages of apples damaged: 
1973 	1972 	1964-1967 Replies 
C. ydia _pomonella 24 33 20 81 
Argyresthia conjugella 18 41 29 66 
The populations of the common field vole 
(Microtus agrestis) were abundant in the south-
em and Central parts of Finland in autumn 
1972, and remained strong over the winter. 
However, damage was unexpectedly slight in 
spring, probably owing to the exceptionally 
warm winter. The water vole (Arvicola ter-
restris) population is likely to continue to 
increase, although this does not appear in the 
returns to the inquiry. 
Especially low figures of occurrence were 
received for Oscinella frit, and Hylemya brassi-
cae, H. floralis and H. antiqua. 
No information was obtained about pests 
new to Finland. 
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SELOSTUS 
Vilj elykasvj en tuhoeläimet 1973 
MARTTI MARKKULA 
Maatalouden tutkimuskeskus, Tuhoeläintutkimuslaitos, Tikkurila 
Tuhoeläinten runsaus oli huomattavasti tavanomais-
ta suurempi. Maatalouskeskusten neuvojien esittämien 
arvioiden perusteella laskettu runsausluku oli kerto-
musvuotena 3.3 ja kymmenvuotiskautena 1964-1973 
2.7. Tuomikirva aiheutti suuria tuhoja kevätviljoissa 
erityisesti ankarasta kuivuudesta kärsineillä alueilla. 
Leppäpirkkoja oli loppukesällä enemmän kuin mies-
muistiin ja ne tuhosivat huomattavan osan tuomikir-
voista. 
Kesän erikoisuus oli punarintainen viljakukko, joka 
joukkoesiintymisellään yllätti Kirkkonummen ja lähi-
seutujen viljelijät. Viljakukon edellinen tuhokausi sat-
tui vuosiin 1936 ja 1937. 
Tiedusteluihin saatujen vastausten mukaan oli ome- 
noista omenakääriäisen vioittamia 24 % ja pihlajan-
marjakoin vioittamia 18 %. Tuhot olivat huomatta-
vasti vähäisempiä kuin vuotta aikaisemmin 
Koloradonkuoriaisen leviämisen vaara oli suurempi 
kuin koskaan aikaisemmin. Bulgariasta Neuvostolii-
ton kautta rekka-autoilla tuoduista varhaisperunalähe-
tyksistä löydettiin kuoriaisia ja niiden toukkia. Saastu-
neet lähetykset määrättiin palautettavaksi. Yksittäisiä 
kororadonkuoriaisia saapui maahamme myös Puo-
lasta tuodussa kukkakaalilähetyksessä ja turistien mu-
kana. Tehostettujen varotoimien ansiosta koloradon-
kuoriainen ei päässyt leviämään viljelyksille. 
Yksityiskohtainen katsaus on julkaistu Koetoiminta 
ja Käytäntö -lehdessä n:o 3/1974. 
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KORPINEN, E-L. & UOTI, J. 1974. The variation in toxic effect of five 
Fusarium species on rats. Ann Agric. Fenn. 13: 34-42. 
The toxicity of five Fusarium species commonly occurring in cereal seeds 
was studied in a feeding experiment with rats. Cereal grain inoculated with 
the species F. avenaceum (Fr.) Sacc., F. culmorum (W.G.Sm.) Sacc., F. graminea-
rum Schw., F. poae (Pk.) Wr. and F. tricinctum (Cda) Sacc. was given to the 
rats as their sole diet. Ten or more isolates of each species were tested. Daily 
weight reduction in the rats during a feeding period of two weeks, clinical 
symptoms and autopsy findings were used to determine the toxicity of the 
fungus. It was noted that effect of F. tricinctum was the most pronounced, the 
effect of F. avenaceum, F. culmorum and F. graminearum was intermediate, and 
F. poae was least toxic. The variation between the various isolates within each 
species was quite clear. 
Fusarium fungi are quite common in cereal 
seeds. More than 40 % of spring cereal seed 
samples were infected by the species F. avena-
ceum, F. culmorum, F. poae or F. tricinctum and 
more than 10 % by F. graminearum in the 1972 
harvest in Finland (UoTi and YLINLÄKI 1974). 
There are rather remarkable variations 
between the fungus species belonging to the 
genus Fusarium. Several species, i.e. F. cul-
morum are best known as serious plant patho-
gens (CoLHOUN 1970). Others may occur quite 
abundantly in soil and in plants without 
causing any detectable harm, whereas certain 
species, again, have been shown to produce 
dangerous mycotoxins (BooTH 1971). In ad-
dition to this variation within the genus, the 
different isolates of species which are morpho-
logically same may vary considerably. En-
vironmental conditions are amon.g the factors 
affecting the fungi to such an extent that  
pathogenicity or the ability to produce myco-
toxin may be lost or, on the other hand, 
suddenly regained (CoRmAcx 1951, BRooK 
and WHITE 1966). MARASAS et al. (1971) have 
reported an interesting interaction between 
pathogenicity and toxicity. Only those isolates 
of F. tricinctum which were pathogenic to pea 
seedlings produced mycotoxin which had a 
phytotoxic effect on the same seedlings. 
Most of the Fusarium species have been 
shown to produce mycotoxins to some extent 
(BRoox and WHITE 1966). The conditions 
necessary for toxin production are still very 
little known., although certain environmental 
factors undoubtedly have an important effect 
(JoFFE 1971). The variation in toxigenicity of 
different species may be great, and is not 
limited to the species level only (KORPINEN 
and YiAmÄxl 1972). 
34 
The actual toxic compounds produced by 
various Fusarium species are at the present 
time only partly known. Thus chemical me-
thods cannot always he applied in practice to 
determine the toxicity of the fungi and the 
amount of toxin in fungal organs. Therefore 
biological tests are still the method most  
frequently used in toxicological research 
BAMBURG 1973). 
In this study experimental rats were fed 
on grain inoculated with Fusarium fungi. 
Their reaction to the feeding was interpreted 
as an indication of the toxicogenicity of these 
fungi. 
Material and methods 
1. Isolation, inoculation and culturing the fungi 
Five species of Fusarium were isolated from 
cereal seeds and used in the feeding experi- 
ments: F. avenaceum (Fr.) Sacc., F. culmorum 
(W.G.Sm.) Sacc., F. graminearum Schw., F. 
poae (Pk.) Wr. and F. tricinctum (Cda) Sacc. 
Fig. 1. Fusarium avenaceum A, F. culmorum B, F. graminearum C, F. poae D, F. tricinclum E. A—C: x 750, D—E: 
X 375. 
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Table 1. The number and origin of the isolates of the 
five Fusarium species used for inoculation. 
Fusarium species Source of the isolation 
Oats 	Wheat 	Barley 
Total 
F. avenaceum 3 2 8 13 
F. culmorum 3 3 11 17 
F. graminearum 2 2 6 10 
F.porze 1 5 4 10 
F. tricinctum 3 10 13 
Total 9 15 39 63 
In classifying the fungi the system presented 
by GORDON (1952) was followed although F. 
tricinctum which was considered as a species 
in itself, according to SEEMOLLER (1968). The 
fungus species are shown in Figure 1. 
Ali the fungus material was isolated from 
cereal seeds harvested during the autumn of 
1972 in Finland. From ali the species, 10 or 
more strains were isolated. The number of 
strains from the five species isolated from 
various cereals is given in Table 1. 
The fungi were isolated and cultured as 
described in the report by UOTI and YLIMÄKI 
(1974). For the inoculation, a 150 g mixture 
of sterilized wheat-barley-oats (1: 1: 1) seeds 
was placed in ROUX-flasks. Grain mixture 
was then inoculated with small pieces of 
mycelium of different species and strains of 
Fusarium. Four replicas were used in each 
fungus strain. The cultures were kept at +20°C 
for two weeks, placed in the cold ( +4°C) for 
five days, and brought back to a temperature 
of +20°C for an additional two weeks. After 
this incubation period of five weeks the cul-
tures were ready for the feeding experiments 
(Fig. 2). Noninoculated grain received the 
same treatments, and was used to feed the 
control rats. 
2. Feeding tests 
Each Fusarium isolate was used in a feeding 
test on rats. Two rats were fed during the 
two weeks on grain material prepared as 
described above. This constituted their sole 
diet. Water was freely available. The rats were 
weighed daily or every three days. In most 
Fig. 2. Grain mixture inoculated with Fusarium in ROUX-flasks. 
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groups the rats were 110-140 g to start with, 
but there were a few groups weighing 60-90 
g. The rats were of the Long Evans strain, 
both males and females. On the 15th day of 
the feeding test they were destroyed. 
The percentage weight loss per day for  
each animal was obtained using the following 
three calculation values : the weight of a rat 
before starting the feeding test, the weight 
of a rat at the end of the feeding test or when 
it was dying, and the number of days the 
experiment was continued. 
Results 
1. Loss of weight 
Cereal grain inoculated with any Fusarium 
fungus included in this study caused a clear 
reduction in the weight of the rats. The control 
animals, which were givejl sterilized grain 
without fungal mycelium, gained weight on 
an average of 2.39 % per day during the period 
of 14 days whereas ali the others lost 0.64-
15.25 % weight per day. The weight de-
crease varied greatly depending on the species 
of Fusarium used for inoculation (Table 2). 
F. tricinctum caused significantly greater re-
duction than the other species. F. avenaceum, 
F. culmorum and F. graminearum. appeared to 
have on intermediate effect in causing weight 
reduction, but F. poae was significantly the 
least harmful in this respect. 
The type of cereal from which the fungi 
were isolated did not seem to have much 
effect. Only in the case of F. graminearum was 
there an indication that the strains isolated 
from barley caused less loss of weight than 
the isolates from oats or wheat. On the other 
hand a remarkable variation was noted among  
the different isolates in total (Fig. 3). Apart 
from the species F. graminearum and F. tri-
cinctum, the variation was quite clear. 
2. Clinical symptoms 
The first symptoms were often seen on the 
third day of the test. The eyes of the rats 
became small because the eyelids were swollen 
and irritated. The animals' coats became coarse 
and bristly, and they became less active. Move-
ments were stiff and sore. Loss of coordination 
in movement was also noted. The abdomen 
region, especially, was drawn up. Appetite 
dropped gradually. In some cases the urine 
was bloody. As the disease progressed the 
animals sometimes showed periods of hyper-
activity, climbing and running very eagerly. 
Occasionally the same rats shivered and were 
unable to walk. During the later stages of 
the disease the animals sometimes tried to 
bite and ground their teeth Finally the rats 
were often. paralyzed. 
With the species F. tricinctum in particular, 
but also with F. culmorum and F. graminaerum, 
Table 2. Percentage weight loss per day in rats fed on grain inoculated with different 
Fusarium species isolated from various cereals. 
Source of isolation 




F. avenaceum 4.16 3.61 3.56 3.71a1) 0.29 
F. culmorum 3.63 3.44 4.76 4.33ab 1.34 
F. graminearum 5.47 5.50 3.98 4.58b 6.74** 
F. poae • 2.71 1.32 2.25 1.83c 3.17 
F. tricinctum 7.19 7.93 7.75d 0.43 
** P < 0.01 % 
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Fig. 3. Variation among the strains of Fusarium species according to the 
weight reduction in rats. 
the symptoms were usually clearly notable on 
the fourth or fifth day of the experiment. The 
symptoms were very strong and most of the 
animals died before the 10th day of the ex-
periment. In the case of F. poae the animals 
showed slight if any symptoms and most of 
the rats survived throughout the experiment. 
The symptoms caused by F. avenaceum fell 
between these two classifications. 
3. _Autopsy 
The animals were dehydrated and sometimes 
extremely thin (kachectic). Stomach bleeding 
(Fig. 4) and inflammation of the intestines  
were the most common pathologic anatomic 
findings. A haemorrhagic part was ofter found 
at the beginning of small intestine (duodenum) 
(Fig. 5) contrasting sharply with the intact 
intestine following on. The liver had often 
degenerated, and occassionally also the kid-
neys. The bladder was in some cases filled 
with bloody urine. In some cases haemorrhage 
of the brain was found. 
Gastritis was very pron.ounced with the 
species F. graminearum especially and there 
were often deep necrotizing ulcera seen on 
the gastric mucosa. With F. poae the changes 
were very slight or nothing special was found 
in a macroscopial examination. 
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Fig. 4. The open stomach of a rat fed with F. gramirrearum. The black areas 
(arrows) are bleeding and necrotic. x 5. 
Fig. 5. The affected small intestine of a rat fed with F. tricindum. The arrows 
point to the laaemorrhagic part at the beginning of the small intestine. 
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Discussion 
The grain yield harvested in 1972 in Fin-
land was heavily contaminated with Fusarium 
fungi (UOTI and YLINIAKI 1974). The presence 
of these usually red-coloured moulds in seeds 
in such great abundance caused a lot of con- 
fusion on the normal grain market. Several 
farmers were not able to sell their crop at the 
proper price because grain dealers found the 
quality so low, due to the fungal infection, 
that they refused to accept it (UoTI 1973). The 
real significance of these fungi as seedborne 
contaminants and possible toxin producers, 
however, is not sufficiently known at present 
(KORPINEN and YLIMÄKI 1972). 
Chemical and biological tests for identifying 
Fusarium toxins are being developed. Although 
the structures of several toxic metabolites of 
Fusarium fungi are known, there is still a lack 
of practical analytical methods for quantitative 
determinations of toxins. A feeding test can 
be considered a practical experimental answer 
to the question of whether a feed is toxic or 
not. In the experiment described here, mouldy 
samples were fed as the sole diet. This ensured 
a greater concentration of toxic substances in 
the feed. A strong change-over in the diet 
always involves great risk to the animals. 
For the purpose of this study, i.e. to examine 
the variation in toxic effect of different Fusa-
rium species, the method should, however, 
be acceptable. 
The ability of the species of F. graminearum 
and F. tricinctum to produce mycotoxins is 
well known. The toxigenicity of F. graminea-
rum in farm animals, especially in horses, was 
first shown in Finland by RAINIO (1932). More 
recently, toxic compounds formed by this 
species have been studied by several authors 
(CuRTIN and TUITE 1966, CHRISTENSEN et al. 
1972). It has been shown to produce zearaleno-
ne or F-2 toxin as well as the species of F. 
cu/morum and F. tricinctum (CALDWELL et al. 
1970). F. tricinctum especially also produces 
T-2 toxin (UEN0 et al. 1973), and hås been 
demonstrated to have phytotoxic properties 
as well (MARAsAs et al. 1971). The species 
F. avenaceum, F. culmorum and F. poae have 
been shown more rarely to be associated with 
toxicoses, although emetic material has been 
extracted from their cultures too (PRENTICE 
and DICKSON 1968). In this study F. _poae had 
the least toxic effect, but there are reports 
which describe this species as a potential toxin 
producer (JoFTE 1971). Taxonomic confusion, 
however, does not allow direct comparisons. 
The symptoms and the clinical pictures 
caused by different Fusarium toxins are still 
somewhat indistinct. The clinical and patho-
logic-anatomic pictures described here confirm 
quite well those described by other workers 
(SARKisov et al. 1971, UENO et al. 1971). 
However, bloody urine is not often reported 
in Fusarium toxicoses. 
Of interest is the great variation in toxic 
effect of different strains within each species. 
Even strains isolated from the same seed lot 
gave weight reductions which were hardly 
similar. It would appear obvious that although 
the species itself could be considered as the 
primary factor relative to the toxicity, the 
toxicity of each isolate should be tested 
separately. 
Fusarial nomenclature is by no means uni-
form. Several classification models differ 
considerably from each other and are often 
used without any specification, causing more 
confusion in the Fusarium literature (Bo oTH 
1971). The greatest difficulties caused by this 
confused situation are probably faced with 
the species F. poae and F. tricinctum with 
reference to the toxicity of these fungi. 
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SELOSTUS 
Viiden Fusarium-lajin myrkkyvaikutuksen vaihtelu koerotilla 
EEVA-LIISA KORPINEN 
Eläinlääketieteellinen korkeakoulu, Mikrobiologian ja epizoologian • laitos, Helsinki 
JUHANI UOTI 
Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila 
Koerottia ruokittiin kahden viikon pituisissa jak-
soissa viljaseoksella, joka oli inokuloitu eri Fusarium-
sienilajeilla. Lajien ja kantojen myrkyllisyyttä rotille 
pyrittiin selvittämään rottien päivittäisen painon ale-
nemisen vertailulla, taudinkuvan tarkastelulla ja ruu-
miinavauksen perusteella. 
Suurimmat painonalennukset aiheutuivat F. tri-
cinctum -lajilla inokuloiduilla jyvillä. Lajit F. avenaceum, 
F. culmorum ja F. graminearum aiheuttivat painon alene-
mista selvästi vähemmän. Vähiten kasvua hidastivat 
F. poae -lajin isolaateilla inokuloidut jyvät. Kaikkien 
Fusarium-lajien sisällä todettiin eri isolaattien välillä 
suuria eroja painon alenemisen voimakkuudessa. 
Sairauden oireet ilmaantuivat jo neljäntenä tai vii-
dentenä päivänä koeryhmissä, jotka saivat F. tricinc-
tum-, F. culmorum- tai F. graminearum -lajeilla inokuloi-
tua viljaa. Näissä ryhmissä rotat usein kuolivat ennen 
kymmenettä koepäivää. F. avenaceum -ryhmissä esiintyi 
lieviä oireita, ja rotissa, jotka saivat F. pole 	ino- 
kuloitua viljaa, todettiin samoin lieviä oireita tai jois-
sakin tapauksissa oireita ei lainkaan voitu havaita. 
Ruumiinavauksessa todettiin sairastuneilla rotilla 
verinen mahalaukun ja erityisesti suoliston alkuosan 
tulehdus. Virtsa oli eräissä tapauksissa veristä. Maksa-
ja munuaisrappeutumaa havaittiin useilla sairastuneilla 
rotilla. 
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28. 4. 73. 
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Emakkojen rehumäärän säännöstelystä Puolassa. 
Lihantuottaja 7: 28 - 29. 
Eri tuoresäilöntämenetelmillä säilötty ohra lihasi-
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kailuun liittyvillä neuvottelupäivillä Helsingissä 
7. 12. 1972. Suom. Kalankasvattaja 1: 8-10. 
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